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S T A N D A R D O P E R A T I N G PROCEDURE
Metal S p e c i a t i o n and Q u a n t i f i c a t i o n o f P e r l i t e

1.0 O B J E C T I V E S
The ob j e c t iv e s of this Standard Operating Procedure (SOP) are to s p e c i f y the proper
m e t h o d o l o g i e s and p r o t o c o l s to be used during metal s p e c ia t i on of various s o l id s a m p l e s
( i n c l u d i n g t a i l i n g s , s l a g s , s ed iment s , dross, bag house dus t s , and p a i n t ) , r e s i d en t ia l s o i l s
and dus t s for metal s . The metal sp e c ia t i on data generated f r om this SOP may be used to
assess the s o l i d s a m p l e s as each phase relates to risk. Parameters to be characterized
dur ing the s p e c ia t i on analyse s i n c l u d e p a r t i c l e size, a s soc ia t ions , s t o i ch iometry,
frequency of occurrence of metal-bearing forms and r e la t iv e mass of metal-bearing
forms. In a d d i t i o n , a l i q u o t s o f s o l id s ampl e s can be analyzed s epara t e ly for p e r l i t e , u s ing
the same m e t h o d o l o g y . P e r l i t e p a r t i c l e s are counted and sized based on the e l ementa l
cons t i tuent s of each par t i c l e . T h i s electron microprobe ( E M P ) technique, instrument
operat ion pro t o c o l s and s a m p l e prepara t i on to be used during i m p l e m e n t a t i o n of the
M e t a l s S p e c i a t i o n SOP are di scussed in the f o l l o w i n g sections.
2.0 B A C K G R O U N D
To date, numerous f o r m s ( p h a s e s ) of metal-bearing p a r t i c l e s have been i d e n t i f i e d in s o i l s
f rom various environments within western mining d i s t r i c t s ( T a b l e 2-1) (Emmons et al.,
1927; Drexler , 1992; Davis et al., 1993; Ruby et al., 1994; COM, 1994; WESTON,
1995). T h i s l i s t i n g does not p r e c l u d e the i d e n t i f i c a t i o n of other metal-bearing f o r m s , but
only serves as an i n i t i a l po in t of reference. Many of these f o rms are mineral s with
varying metal concentrations (e.g., lead p h o s p h a t e , iron-lead oxide , and s l a g ) . S i n c e
l i m i t e d thermodynamic i n f o r m a t i o n is ava i lab l e for many of these phase s and e q u i l i b r i u m
cond i t i on s are rarely f ound in soil environments, the i d e n t i t y of the mineral c la s s (e.g.,
lead p h o s p h a t e ) wi l l be s u f f i c i e n t and exact s t o i ch i ome try is not necessary.
It may be important to know the part ic l e^s ize d i s t r i bu t i on of metal-bearing f o rms in order
to assess p o t e n t i a l risk. It is believed that p a r t i c l e s less than 250 microns ( u r n ) are most
ava i lab l e for human inge s t i on and/or inha la t i on (Bornschein, et al., 1987). For thi s s tudy,
the largest d imens ion of any one metal-bearing form wi l l be measured and the fr equency
of occurrence we ight ed by that dimension. A l t h o u g h not rou t ine ly p e r f o r m e d , p a r t i c l e
area can be determined. It has been shown (CDM, 1994) that data c o l l e c t e d on p a r t i c l e
area produces s i m i l a r r e su l t s . T h e s e measurements add a cons iderab l e amount of t ime to
the procedure and l i m i t the total number of p a r t i c l e s or s a m p l e s that can be observed in a
s tudy.
Mineral a s soc iat ion may have p r o f o u n d e f f e c t s on the a b i l i t y for s o l u b i l i z a t i o n . For
example , if a l ead-bearing form in one sample is p r e d o m i n a n t l y f o u n d wi th in quartz
grains w h i l e in another sampl e it is free in the sample matrix, the two s a m p l e s are l i k e l y
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S T A N D A R D O P E R A T I N G PROCEDURE
Metal S p e c i a t i o n and Q u a n t i f i c a t i o n o f P e r l i t e

to pose s i g n i f i c a n t l y d i f f e r e n t risk l e v e l s to human heal th . T h e r e f o r e , a s soc iat ions of
concern inc lude the f o l l o w i n g :

1) f r e e or l i b era t ed
2) inc lu s i ons wi thin a second phase
3) cementing
4) a l t e ra t i on rims

3 . 0 S A M P L E S E L E C T I O N
S a m p l e s w i l l be s e l e c t ed and hand l ed according to the procedure described in the P r o j e c t
Plan.
4.0 S C H E D U L E
A s chedu l e for c o m p l e t i o n o f p r o j e c t s p e r f ormed under thi s M e t a l s S p e c i a t i o n SOP wi l l
be provided in wri t ing or verbal ly to the contractor a long w j t h m o n t h l y repor t ing
requirements if large p r o j e c t s are p e r f o r m e d . T h e s e s chedule s are based on an aggres s ive
analyt i ca l program de s igned to ensure that the meta l s s p e c ia t i on analyses are c o m p l e t e d
in a t i m e l y per iod . M o n t h l y reports are expec t ed to r e f l e c t s chedul e s tatus .
5 . 0 I N S T R U M E N T A T I O N
M e t a l S p e c i a t i o n
S p e c i a t i o n analys e s wi l l be conducted at the Laboratory for Environmental and
G e o l o g i c a l S t u d i e s (LEGS) at the Univers i ty of C o l o r a d o , Boulder or other comparable
f a c i l i t i e s . Primary equipment used for th i s work wi l l inc lude:
Electron Microprobe (JEOL 8600) equipped with f o u r wavelength spec trometers , energy
d i sp er s iv e spec trometer ( E D S ) , BEI detector and the T N - 5 6 0 0 da ta pro c e s s ing system. RJ
Lee Z E P P E L I N and DATALINK hardware may be used for image storage and
proces s ing. An LEDC spectrometer crystal for carbon and LDE-1 crystal for oxygen
analyses wi l l be used.
Q u a l i t a t i v e P e r l i t e A n a l y s i s
I d e n t i f i c a t i o n of p e r l i t e m o r p h o l o g y wil l be p e r f o rmed with an o p t i c a l microscope that
u t i l i z e s p o l a r i z e d transmi t t ed l i g h t .
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S T A N D A R D O P E R A T I N G PROCEDURE
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6 . 0 P R E C I S I O N A N D A C C U R A C Y
6.1 Preci s ion
Metal S p e c i a t i o n
The prec i s ion of the data generated by the manual p a r t i c l e l i g h t microscopy (PLM)
p a r t i c l e count and by the "EMP point count" wi l l be evaluated by p r e p a r i n g a graph that
compares the original result with the d u p l i c a t e result.
In general, d e t e c t a b l e concentrations for these variable, metal-bearing f o r m s w i l l be
determined by p e r f o r m i n g "peak counts" on the a p p r o p r i a t e wavelength spectrometer.
Average concentrations will then be used for fur ther ca l cu la t i on s . Data on s p e c i f i c
gravity wil l be c o l l e c t e d f r om re ferenced databases or e s t imated based on s i m i l a r
compounds. A minimum of two peak counts per sample will be p er f ormed on non-
s to i chiometric phase s , as a p p r o p r i a t e (that is, if they exist in that s ampl e) .
The preci s ion of quant i ta t ive elemental analys i s wil l be evaluated based on s a m p l e
d u p l i c a t e s analyzed at a f r equency of 1 0%.
P e r l i t e
The prec i s i on of the data generated by the manual p a r t i c l e l i g h t micro s copy (PLM)
part i c l e count will be evaluated based on sample d u p l i c a t e s analyzed at a frequency of
10%.

k

I6.2 Accuracy
The accuracy of the analyses w i l l be e s t imated based on a number of methods , d e p e n d i n g
on the source of the data. Data generated by the "EMP point count" w i l l be evaluated
s t a t i s t i c a l l y based on the me thod s of Mosimann ( 1 9 6 5 ) at the 95% c o n f i d e n c e level on
the frequency data f o l l o w i n g Equation 1 .

= 2 P ( 1 0 0 - P ) / N (Eq. 1)
Where: £0.95 = Probable error at the 95% c o n f i d e n c e level

P = Percentage of N of an ind iv idua l metal-bearing phase based
on percent l e n g t h frequency

N = T o t a l number of metal-bearing grains counted
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7 . 0 P E R S O N N E L R E S P O N S I B I L I T Y
The a n a l y s t ( s ) w i l l c a r e f u l l y read t h i s SOP prior to any sample examination.
It is the r e s p o n s i b i l i t y of the laboratory supervisor and d e s i g n a t e s to ensure that these
procedures are f o l l o w e d , to examine q u a l i t y assurance (QA) s a m p l e s and r e p l i c a t e
s tandards , and to check EDS and WDS cal ibrat ions . The laboratory supervisor wi l l
c o l l e c t re su l t s , ensure they are in proper f o rmat , and de l iv er them to the contractor.
M o n t h l y reports summarizing all progre s s , with a l i s t of sampl e s spe c ia t ed to date with
data analyses sheets (DAS), wil l be submit ted each month.
It is also the r e s p o n s i b i l i t y of the laboratory supervisor to n o t i f y the contractor
representative of any prob l ems encountered in the sampl e analys i s process.
8.0 S A M P L E PREPARATION
Grain mounts (1.5 inches in d iamet er) or p o l i s h e d sections of each sample w i l l be
prepared using air-cured epoxy. T h i s grain mounting technique is a p p r o p r i a t e for both the
electron microprobe (EMP) and p o l a r i z e d l i g h t microscopy (PLM) analyses. However,
separate s p l i t s for the two analys e s must be pr epared . The grain mount ing is p e r f o r m e d
as f o l l o w s :

1) Log the s ampl e s for which p o l i s h e d mounts wi l l be prepared.
2) I n s p e c t all d i s p o s a b l e p l a s t i c cups, making sure each is clean and dry.
3) Label each "mold" with its corre sponding sample number.
4) All s a m p l e s w i l l be s p l i t to produce a homogeneous 1-4 gram s a m p l e .
5) Mix epoxy resin and hardener according to m a n u f a c t u r e r ' s d ir e c t i on s .
6) Pour 1 gram of s a m p l e into mold. Double check to make sure s a m p l e

numbers on mold and the original s a m p l e container match. Pour epoxy
into mold to j u s t cover sample grains.

7) U s i n g a new wood s t i r r i n g s t i ck with each sample , c a r e f u l l y blend epoxy
and grains so as to coat all grains with epoxy.
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8) Set m o l d s to cure at ROOM T E M P E R A T U R E in a clean, restricted area.
Add l a b e l s with s a m p l e numbers and cover with more epoxy resin. Leave
to cure c o m p l e t e l y at room temperature.

9) One at a time remove each s a m p l e f rom its mold and grind f l a t the back
s ide of the mount.

10) Use 600 grit wet abrasive paper s tretched across a g r i n d i n g wheel to
remove the bottom layer and expose as many mineral grains as p o s s i b l e .
F o l l o w with 1000 grit paper.

11) P o l i s h with 15 um oil-based diamond pa s t e on a p o l i s h i n g p a p e r f i x e d to a
lap. Do not use c l o t h , as the use of p a p e r w i l l minimize r e l i e f .

12) N e x t use 6um diamond p o l i s h on a s imi lar lap .
13) F i n a l l y , p o l i s h the s a m p l e with lum oi l-based diamond paste on

p o l i s h i n g paper, f o l l o w e d by 0.05 um alumina in water su spens ion, the
q u a l i t y w i l l be checked a f t e r each s t ep . T y p i c a l p o l i s h i n g times are 30
minutes for 15 um, 20 minutes for 6 um, 15 minutes for 1 um, and 10
minutes for 0.05 um.

N O T E : use low speed on the p o l i s h i n g l a p s to avoid "plucking" of s ampl e
grains.

14) S a m p l e s w i l l be c o m p l e t e l y cleaned in an ul trasonic cleaner with
i s o p r o p y l alcohol or s i m i l a r solvent to remove oil and f i n g e r p r i n t s .

15) To ensure that no p a r t i c l e s of any metal are being cross-contaminated
during s a m p l e p r e p a r a t i o n procedures , a blank (epoxy o n l y ) mold w i l l be
made every 20' sample (5% of s a m p l e s ) f o l l o w i n g all of the above
procedures. T h i s mold wi l l then be spec ia t ed a l ong with the other sample s .

16) Each sample must be carbon coated. Once coated, the sample s w i l l be
stored in a clean, dry environment with the carbon surface protec t ed f r om
scratches or h a n d l i n g .
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S T A N D A R D O P E R A T I N G PROCEDURE
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9 . 0 P E R L I T E A N A L Y S I S U S I N G P O L A R I Z E D L I G H T M I C R O S C O P Y
O p t i c a l microscopy w i l l be e m p l o y e d to determine the m o r p h o l o g y of p e r l i t e p a r t i c l e s , i f
present , in each inve s t iga t ive sample . The p e r l i t e s a m p l e s w i l l be mounted on g la s s thin
s e c t i ons prior to p o l i s h i n g . P e r l i t e p a r t i c l e s w i l l be counted under po lar i z ed t ransmi t t ed
l i g h t in the m a g n i f i c a t i o n range of 45-400X. Any p a r t i c l e that appears to be p e r l i t e
(based on m o r p h o l o g y ) wil l be counted, and the number of the p e r l i t e p a r t i c l e s wi l l be
documented on the P e r l i t e DAS ( F i g u r e 9-1). The visual i d e n t i f i c a t i o n of p e r l i t e p a r t i c l e s
w i l l be conf irmed by BMP, as d i s cus s ed below.
10.0 G E O C H E M I C A L S P E C I A T I O N U S I N G E L E C T R O N MICROPROBE

All inve s t iga t iv e sample s wi l l also be characterized using EMP analys i s to determine the
chemical sp e c ia t i on , p a r t i c l e size d i s t r i b u t i o n and frequency for several target metal s .
T h e s e are arsenic, l ead , cadmium, zinc, t h a l l i u m , s e lenium, indium, antimony, and
mercury. A d d i t i o n a l l y , chemical sp e c ia t i on and p a r t i c l e size d i s t r i bu t i on for p e r l i t e wi l l .
also be determined. The p e r l i t e s p e c ia t i on w i l l be p e r f o r m e d to con f i rm the
m o r p h o l o g i c a l r e su l t s obtained using the P L M .
10.1 I n s t r u m e n t C a l i b r a t i o n and S t a n d a r d i z a t i o n
The WDS will have spectrometers cal ibrated for the m e t a l s of concern ( A s , Pb, Cd, Zn,
Tl, Se, Sb, Hg and In), carbon, oxygen and s u l f u r on the a p p r o p r i a t e c ry s ta l s us ing
mineral standards. The EDS wi l l have a mult i-channel analyzer (MCA) calibrated for
known peak energy centroids. C a l i b r a t i o n will be p e r f o r m e d so as to have both low (1.0-
3.0 KeV) and high (6.0-9.0 KeV) energy peaks fall w i th in 0.05 KeV of its known
centroid.
The m a g n i f i c a t i o n marker on the instrument w i l l be checked once a week. T h i s wi l l be
p e r f o r m e d by f o l l o w i n g manufacturer i n s t r u c t i o n s or by measurement of commerc ial ly
ava i lab l e gr id s or leucite spheres. S i z e measurements must be within 4 microns of
c e r t i f i e d values.
Initial cal ibration ver i f i ca t i on s tandards (ICVs) must be analyzed at the beginning of each
s a m p l e de l ivery group or once every 48 hours, whichever is more frequent. A set of
mineral or g l a s s s tandards wi l l be run q u a n t i t a t i v e l y for the metal s of concern (As, Pb,
Cd, Zn, Tl, Se , Sb, Hg and In), s u l f u r , oxygen and carbon. If e l emental quant i t i e s o f t h e
ICVs do not fall within 5% of c e r t i f i e d values for each e lement, the instrument must be
recal ibrated prior to analysi s of i n v e s t i g a t i v e sample s .
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The metal-bearing f o rms in these s a m p l e s w i l l be i d e n t i f i e d us ing a combinat ion of E D S ,
WDS and BEI detec t ion. Once a p a r t i c l e is i s o l a t e d with the backscat ter de t e c tor , a 5-
second EDS spectra is c o l l e c t e d and peaks i d e n t i f i e d . The count rates for the me ta l s of
concern, s u l f u r , carbon and oxygen can be either v i s u a l l y observed on the wavelength
spectrometers or K-rat io s c a l c u l a t e d .
10.2 A n a l y t i c a l Procedure
A brie f visual examination of each s a m p l e wi l l be made prior to EMP examination. T h i s
examination may h e l p the operator by noting the occurrence of s l a g and/or organic
matter. S t a n d a r d opera t ing c ond i t i on s for quant i ta t iv e and q u a l i t a t i v e analyse s of metal-
bearing f orms are given in T a b l e 10-1. However, it is the r e s p o n s i b i l i t y of the operator to
se lec t the a p p r o p r i a t e analyt i ca l l ine ( c r y s t a l / K e V range) to e l i m i n a t e peak over lap s and
ensure proper i d e n t i f i c a t i o n / q u a n t i f i c a t i o n of each analyte. Q u a l i t y control w i l l be
maintained by analyzing d u p l i c a t e s at regular interval s ( S e c t i o n 6 .1).
The backscattered electron thre shold will be a d j u s t e d so that all p a r t i c l e s containing the
element of interest (i.e., both those with low content and h igh content) can be seen. For
p a r t i c l e s that have g e n e r a l l y high content (i.e., those that are e s p e c i a l l y b r i g h t ) , it may be
necessary to lower the thre shold in order to i d e n t i f y sub-regions of the p a r t i c l e that may
contain d i f f e r e n t phases. T h i s procedure w i l l minimize the p o s s i b i l i t y that metal-bearing
minerals may be overlooked during the scanning of the p o l i s h e d grain mount. The
scanning wil l be done manua l ly in a manner s imi lar to that d e p i c t e d in F i g u r e 10-1.
T y p i c a l l y , th e m a g n i f i c a t i o n used for scanning a l l s ampl e s except f or airborne s a m p l e s
w i l l be 40-1OOX and 300-600X. The las t s e t t ing w i l l a l l o w the s m a l l e s t i d e n t i f i a b l e (1-2
um) phase s to be f o u n d . Once a c a n d i d a t e p a r t i c l e is i d e n t i f i e d , then the backscatter
image w i l l be op t imized to d i s cr iminate any d i f f e r e n t phase s that may be making up the
p a r t i c l e or d e f i n i n g its association. I d e n t i f i c a t i o n of the metal-bearing phases w i l l be
done using both EDS and WDS on an EMP, with spec trometer s peaked at s u l f u r , oxygen,
carbon and the metal of concern (M). The size of each metal-bearing phase wi l l be
determined by measuring the l onge s t dimension (in microns).
10.3 Point C o u n t i n g
Counts are made by traversing each sampl e f r om l e f t - t o - r i g h t and t op- t o-bo t t om as
i l l u s t r a t e d in F i g u r e 10-1. The amount of vertical movement for each traverse would
depend on m a g n i f i c a t i o n and CRT (cathode-ray tube) size. T h i s movement w i l l be
minimized so that NO por t ion of the sample is missed when the end of a traverse is
reached. Two m a g n i f i c a t i o n s e t t i n g s g e n e r a l l y are used. One ranging f r om 40-1 OOX and a
second f rom 300-600X. The last s e t t ing w i l l a l l o w one to f i n d the s m a l l e s t i d e n t i f i a b l e (1-
2 micron) phases.
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The por t ion of the s a m p l e examined in the second pas s , under the higher m a g n i f i c a t i o n ,
w i l l d epend on the time a v a i l a b l e , the number of me ta l-bear ing p a r t i c l e s , and the
c o m p l e x i t y of metal mineralogy. Eight hours w i l l be spent on each sample .
The p a r t i c l e counting goal f or the As, Pb, Cd, Sb, Tl, In, Hg and Se analys i s i s t o count
the number of p a r t i c l e s for each metal t y p e until 8 hours has e xp ir ed . Zinc p a r t i c l e s w i l l
al so be counted dur ing th i s 8-hour period. However, only p a r t i c l e s having a zinc
compo s i t i on of greater than 2% (mas s /mas s) wil l be scanned and analyzed.
P e r l i t e
P a r t i c l e s that are t e n t a t i v e l y i d e n t i f i e d as p e r l i t e using PLM w i l l be examined by EPM to
i d e n t i f y the ma jor e lemental cons t i tuent s . A p a r t i c l e w i l l be i d e n t i f i e d as p e r l i t e i f the
e l emental c ompo s i t i on contains s i l i c a , aluminum and po ta s s ium in re lat ive amounts such
that a spectrum is produced that is s imi lar to the e xampl e prov ided in F i g u r e 10-2.
10.4 Q u a n t i t a t i v e A n a l y s e s
Q u a n t i t a t i v e a n a l y s e s are required to e s t a b l i s h the e l emental s t o i ch iometry (and hence the
e l emental mass f r a c t i o n ) of the metal-bearing minerals. Quant i t a t i v e analys e s of
repre s entat ive phases wi l l be p e r f o r m e d for each of the target e l ement s (As, Pb, Cd, Sb,
T l , I n , S e , Z n a n d H g ) .
R e s u l t s for each phase w i l l be averaged across several representat ive grains to e s t ab l i s h
mean values. The range of values may also be d e p i c t e d as h i s t ograms to show the range
of metal concentrations measured as well as the presence of one or more p o p u l a t i o n s in
terms of metal content. In the l a t t e r case, non-parametric s t a t i s t i c s may have to be used or
the median value has to be e s tab l i sh ed . Photomicrographs and EDS spec tra w i l l be
p r i n t e d , as described in S e c t i o n 11.2. Exampl e EDS spectra for common or important
phases are prov ided as an attachment (Attachment A).
10.5 A s s o c i a t i o n s
The association of the metal-bearing f o rms w i l l be e s t ab l i s h ed f r om the backscattered
electron images. Part i cu lar at t ent ion will be paid in e s t a b l i s h i n g whether the grains are
t o t a l l y enc lo s ed , encapsu la t ed or l iberated . The rinds of meta l-bear ing grains w i l l be
i d e n t i f i e d . Repre s enta t ive pho tomicrograph s o f backscatter e l e c tron images e s t a b l i s h i n g
the a s so c ia t ion of the p r i n c i p a l metal-bearing f orms w i l l be obtained for i l l u s t r a t i o n
purpo s e s .
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10.6 Sourc e Mater ia l Di lu t i on s
In the case where test material s are h i g h l y enriched with target me ta l s (e.g., PAX, f l u e
d u s t ) , it may be necessary to d i l u t e the s a m p l e to f a c i l i t a t e s a m p l e characterization. T h i s
wi l l be p e r f o r m e d at the d i s cre t ion of the a n a l y s t . For s ampl e s that are determined to
require d i l u t i o n , clean quartz sand (SiO2) w i l l be mixed with the sample material . The
sand wi l l be c e r t i f i e d to be f r e e of target analyte s . The quartz sand w i l l be added to an
aliquot of the i n v e s t i g a t i v e sample , then mixed by turning the s a m p l e for a minimum of
one hour, or until the s ampl e is fully homogenized. The in i t ia l mass of the inve s t iga t ive
s ampl e a l i q u o t , and the mass of the quartz a d d i t i o n must be recorded on the Data
A n a l y s i s Shee t ( F i g u r e 10-3).
11.0 D A T A R E C O R D I N G A N D D O C U M E N T A T I O N
11.1 A n a l y s i s Resu l t s
A n a l y s t s w i l l record i n f o r m a t i o n on the in i t ia l ca l i bra t i on for each m e t a l , and the r e su l t s
for each s a m p l e (in counts observed for each 8-hr p e r i o d ) on the A n a l y s i s Logshe e t
( F i g u r e 1 1 - 1 ) .
A n a l y s t s wil l e l e c t r o n i c a l l y record data as they are acquired f r o m each s a m p l e using the
L E G S M i c r o s o f t Access® so f tware , which p la c e s al l data in a spr ead she e t f i l e f o r m a t . An
e x a m p l e of the data entry screen is prov ided in F i g u r e 11-2. An e x a m p l e of the
spreadsheet f ormat is provided in F i g u r e 10-3. Data entry f i e l d s have been e s t a b l i s h e d for
numbering the metal-bearing phase p a r t i c l e s , the ir i d e n t i t y , size of l onge s t d imension in
microns, a l ong with their association (L = l i b e r a t e d , C= cement ing, R = rimming, I =
i n c l u d e d ) . The analyst wi l l also summarize h i s / h e r observations in the f o r m a t t e d data
summary f i l e s .
11.2 P h o t o m i c r o g r a p h s and EDS S p e c t r a
Photomicrograph s must be taken for each sample , at a rate of 5% (1 p h o t o g r a p h per 20
p a r t i c l e s c oun t ed) for a maximum of 10 p h o t o g r a p h s per s a m p l e , and submit t ed with the
s ampl e resul t s . P a r t i c l e s se lected for p h o t o g r a p h y must be recorded on the EMP graph,
as well as in the Photomicrograph Logbook ( F i g u r e 11-3). Each pho t o w i l l be assigned a
number, s tar t ing with 1 and increasing until the p r o j e c t is c o m p l e t e . Any a d d i t i o n a l
p h o t o g r a p h s w i l l be labeled as "opportunistic" and must be accompanied by a brief
e x p l a n a t i o n of the reason for taking the picture. For each p h o t o m i c r o g r a p h that is taken,
an EDS spectrum of each target chemical present in the s a m p l e wi l l a l so be pr in t ed . Each
spectrum w i l l be assigned a number as f o l l o w s :
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• The same integer used for the c orr e spond ing p h o t o m i c r o g r a p h w i l l also be used for
the EDS spectrum.

• Each p h o t o w i l l also be as s igned a l e t t e r ID. T h e r e f o r e , if 3 spec tra are generated for
pho to #3, the spectrum IDs would be 3A, 3B, and 3C, r e s p e c t i v e l y .

A p o s i t i v e black and white f i l m ( P o l a r o i d 52) w i l l be used, and a 128x128 (minimum)
binary image in ".tif' format w i l l be d e v e l o p e d and s tored, using a high r e s o lu t i on
scanner. Recorded on each p h o t o m i c r o g r a p h w i l l be a scale bar, m a g n i f i c a t i o n , s ampl e
i d e n t i f i c a t i o n , date and phase i d e n t i f i c a t i o n . Abbrev ia t ions for the i d e n t i f i e d phase s can
be used. Examples are l i s t ed in T a b l e 10-2. A f ina l l i s t must be submitted with the
laboratory report, a l ong with pr in t ou t s of the corre sponding EDS spec tra for each p a r t i c l e
that was p h o t o g r a p h e d . An example pho t omi c rograph is prov ided in F i g u r e 11-4.
11.3 Data S t o r a g e and Archiva l
For each day of data acqui s i t ion, al l e l e c tronic f i l e s (DAS forms and other s a m p l e
l o g b o o k sh e e t s) will be saved on the hard drives of the local instrument computer and the
general laboratory computer. All f i l e s w i l l be saved under a direc tory reserved for the
V B I 7 0 p r o j e c t . The f i l e s f or each analyt i ca l batch (each day' s run) w i l l b e stored in a
unique subdirec tory. The subdirec torie s wi l l be named as the ana ly s i s data (e.g., 12-01-
99). A d d i t i o n a l l y , the f i l e s f or each analys i s data wi l l be stored on a f l o p p y d i sk . Floppy
d i sk s wi l l be maintained in a s i n g l e l o ca t i on with l i m i t e d access.
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11.4 Data Reduc t i on and R e p o r t i n g
The frequency of occurrence and r e la t iv e metal mass of each meta l-bear ing form as it is
d i s t r i bu t ed in each s a m p l e w i l l be d e p i c t e d g r a p h i c a l l y as a fr equency bar graph. The
p a r t i c l e size d i s t r i b u t i o n of metal-bearing forms w i l l be d e p i c t e d in a his togram. S i z e -
hi s tograms of each metal-bearing form can be constructed f r om data in the f i l e .
Data f rom BMP wil l be summarized using two methods. The f i r s t method is the
de t erminat ion of F R E Q U E N C Y OF O C C U R R E N C E . T h i s is c a l cu la t ed by summing the
l onge s t d imens ion of all the metal-bearing phases observed and then d i v i d i n g each phase
by the t o t a l .
Equation 2 will serve as an e x a m p l e of the ca l cu la t i on .

S (PLD) phase i
FM in phase-1 = ________________________ (Eq. 2)

I (PLD) p h a s e . i + I ( P L D ) p h a s e - 2 + 2 (PLD) p h a s e .n

Where:
FM = F r e q u e n c y of occurrence of metal in a s i n g l e phase.
PLD = An i n d i v i d u a l par t i c l e ' s longes t d imension
%FM in phase-1 = FM in phase-1 * 100

T h e s e data thus i l l u s t r a t e which metal-bearing p h a s e ( s ) are the most commonly observed
in the s a m p l e or re lat ive volume percent.
The second ca l cu la t i on used in th i s report i s the de t erminat ion of RELATIVE METAL
MASS. T h e s e data are c a l c u l a t e d by s u b s t i t u t i n g the PLD term in the equation above
with the value of MM- T h i s term is ca l cu la t ed as d e f i n e d below.

M M = F M * S G * p p m M (Eq. 3 )
Where:
MM = Mass of metal in a phase
SG = S p e c i f i c Gravi ty of a phase
ppm M = Concentra t ion in ppm of metal in a phase

The advantage in reviewing the RELATIVE METAL MASS determination i s that i t
gives one in format i on as to which metal-bearing p h a s e ( s ) in a sampl e are l i k e l y to control
the total bulk concentration for a metal of interes t . For example , PHASE-1 may compri se
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98% re la t iv e volume of the s ampl e ; however, it has a low s p e c i f i c gravi ty and contains
only 1,000 part s per m i l l i o n ( p p m ) arsenic. PHASE-2 comprised 2% of the s ampl e , has a
high s p e c i f i c gravi ty, and contains 850,000 ppm of arsenic. In t h i s e x a m p l e i t i s PHASE-
2 that is the dominant source of arsenic to the s ampl e .
Finally, a concentration for each phase i s c a l c u l a t e d . T h i s q u a n t i f i e s the concentration of
each metal-bearing phase. T h i s term is c a l c u l a t e d as d e f i n e d below (Eq. 4).

pprr iM = MM * Bulk metal concentration in ppm (Eq. 4)
12.0 P E R S O N A L H E A L T H A N D S A F E T Y
Each ind iv idua l opera t ing the K E V E X x-ray f l uor e s c enc e or electron microprobe
instruments w i l l have read the "Radiation S a f e t y Handbook" prepared by the Univer s i ty
and f o l l o w a l l S t a t e g u i d e l i n e s for operat ion o f X-ray equipment.
Latex g love s and par t i cu la t e masks w i l l be worn dur ing pr epara t i on of s a m p l e cups. All
material that comes in contact with the s a m p l e s or used to clean work sur fac e areas wi l l
be p l a c e d in po ly-bag s for d i s p o s a l .
13.0 S A M P L E H A N D L I N G , C U S T O D Y A N D A R C H I V A L
13.1 S a m p l e H a n d l i n g and C u s t o d y

All raw s a m p l e material, pucks and thin mounts w i l l be c l e a r l y l a b e l e d and handl ed to
avoid cross-contamination and damage. T h e s e s a m p l e s and associated cha in-o f - cu s t ody
f orms w i l l be stored in a locat ion such as a l o ckab l e f i l e cabinet having l i m i t e d access.
13.2 Unused S a m p l e
All raw, unused sample will be returned to the Contractor under cha in-o f - cu s t ody at the
c o m p l e t i o n of the s tudy.
14.0 F I N A L REPORT A N D D E L I V E R A B L E S
14.1 F i n a l Report
A f i n a l laboratory report wi l l be prepared for the Contractor. The report wi l l i n c l u d e all
EMP data i n c l u d i n g sp e c ia t i on r e s u l t s , summary t a b l e s and f i g u r e s , EDS spectra, and
pho tomicrographs . A narrative that describes any devia t ions to thi s SOP or the
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associated Pro j e c t P l a n ( s ) , and the reason for the deviat ion w i l l be i n c l u d e d in the case
narrative.
S p e c i a t i o n r e su l t s w i l l inc lude: 1) a series of tab l e s summarizing fr equency of occurrence
for each metal phase i d e n t i f i e d a l ong with a c o n f i d e n c e l i m i t ; 2) summary hi s tograms of
metal phases i d e n t i f i e d for each waste t y p e ; 3) a summary his togram of p a r t i c l e size
d i s t r i b u t i o n in each waste t y p e ; and 4) a summary of metal phase as sociat ions.

14.2 Del iverab l e s
The f o l l o w i n g deliverables will be submitted to the contractor at the comple t ion of the
s tudy:
• F i n a l Laboratory Report
• EDS S p e c t r a
• Pho t omi c rograph s
• CD-ROM of all electronic f i l e s generated throughout the s tudy ( i n c l u d i n g raw data

f i l e s , f i g u r e s , tab l e s , and the f i n a l report f i l e) as f o l l o w s :
S a m p l e . g e o
S a m p l e . x l s
S a m p l e . w b S
P h o t o # . t i f
S i z e . x l s
A s s . x l s
S a m . x l s
Probe.xl s
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

T a b l e 2-1
Metal-Bearing F o r m s F o u n d W i t h i n Wes t ern M i n i n g a n d S m e l t i n g D i s t r i c t s

O X I D E S C A R B O N A T E S
Lead Oxide
Manganese ( m e t a l ) oxide
I r o n ( m e t a l ) oxide
Lead ( m e t a l ) oxide
Lead molybdenum oxide
Arsenic ( m e t a l ) oxide
Cadmium Oxide
C o p p e r Oxides
Zinc Oxide
Lead Arsenate
Arsenic T r i o x i d e
Calc ium ( m e t a l ) ox ide

Lead Carbonate
Zinc Carbonate

P H O S P H A T E S
( m e t a l ) p h o s p h a t e s

S U L F I D E S
S I L I C A T E S

S l a g
Lead s i l i ca t e
Arsenic s i l i c a t e
Zinc s i l i c a t e
C l a y s

Lead s u l f i d e
S u l f u r - c o n t a i n i n g s a l t s
Iron-arsenic s u l f i d e
Zinc s u l f i d e
C o p p e r s u l f i d e s
C o p p e r - i r o n s u l f i d e
Cadmium S u l f i d e

O T H E R
S U L F A T E S

Iron (meta l) s u l f a t e
Lead s u l f a t e
Lead barite
Zinc S u l f a t e
Arsenic s u l f a t e
C o p p e r s u l f a t e

N a t i v e : L e a d , C o p p e r , Cadmium,
Mercury, I n d i u m , T h a l l i u m , S e l e n i u m
L e a d / A r s e n i c / C a d m i u m / M e r c u r y

C h l o r i d e s
Lead paint
S o l d e r
Organic lead
Lead vanadate
Minor t e l l u r i d e , and bismuth-lead

phase s
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Date:

F i g u r e 9-1. Per l i t e Data A n a l y s i s Sheet

P o l a r i z e d T r a n s m i t t e d L i g h t M i c r o s c o p y
A n a l y s t :

A n a l y t i c a l
S e q u e n c e # S a m p l e I D M a g n i f i c a t i o n

Qua l i t a t i v e Per l i t e Coun
(# of p a r t i c l e s ) N o t e s *

' Indica t e any required d i l u t i o n s : in i t ia l s a m p l e mass p l u s SiO 2 a d d i t i o n
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

F i g u r e 10-1
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F i g u r e 10-3. G e o c h e m i c a l S p e c i a t i o n Data A n a l y s i s S h e e t

A n a l y t i c a l
Sequence #

-

N o t e s * S a m p l e I D

S i z e

Length
(urn) Area (um

•8

ij In
clu

sion
s

Ce
me

nte
d E£

' I n d i c a t e any required d i l u t i o n s : initial s ampl e mass p l u s SiO 2 a d d i t i o n
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

T a b l e 10-1
E M P S t a n d a r d O p e r a t i n g C o n d i t i o n s

A c c e l e r a t i n g V o l t a g e
Beam S i z e
Cup Current
Ev/Channel
S t a g e T i l t
Working Distance
MCA time Constant
X-ray l ines

WDS
15 KV

1-2 microns
1 0-3 O N a n o A m p s

N A
N A
N A
N A

S K - a l p h a P E T
O K - a l p h a L D E l
C K - a l p h a LDEC
Z n K - a l p h a P E T

A s L - a l p h a T A P
C u K - a l p h a L I F
Cd L - a l p h a PET
Pb M-alpha PET

P b L - a l p h a L I F
In L-a lpha PET
T l L - a l p h a L I F

H g L - a l p h a L I F
S e L - a l p h a L I F

Sb L - a l p h a PET

EDS
1 5 - 2 0 K V

1 -2 microns
1 0 - 3 0 N a n o A m p s

10 or 20
F i x e d
F i x e d

7.5-12 microseconds
S K - a l p h a 2.31 KeV
O K - a l p h a 0.52 KeV
C K - a l p h a 0.28 KeV

Pb M - a l p h a 2.34 KeV
Pb L - a l p h a 10.5 KeV
Zn K - a l p h a 8.63 KeV
Cu K - a l p h a 8.04 KeV
As K - a l p h a 10. 5 KeV
As L - a l p h a 1.28 KeV
Cd L - a l p h a 3. 13 KeV
In L - a l p h a 3. 28 KeV
Tl M - a l p h a 2.27 KeV

Tl L - a l p h a 10.26 KeV
Hg L - a l p h a 9.98 KeV
Hg M - a l p h a 2. 19 KeV
Se L - a l p h a 1.37 KeV
Sb L - a l p h a 3. 60 KeV
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

T a b l e 10-2
S u g g e s t e d A b b r e v i a t i o n f o r P h o t o m i c r o g r a p h s

Metal-b ear ing Phase
I n
T l

H g
S e
S b

Lead S u l f i d e
Lead S u l f a t e

Lead Carbonate
M n - ( M ) Oxide
F e - ( M ) Oxide
( M ) P h o s p h a t e

F e - ( M ) S u l f a t e
Metal Oxide

Pb-Mo Oxide
S l a g

M e t a l l i c Phase
Metal S i l i c a t e

S o l d e r
Paint

M e t a l - b e a r i n g Organic
(M) barite

Pb arsenate
Pb vanadate

A s - S b Oxide
C h a l c o p y r i t e

S p h a l e r i t e
Arsenopyr i t e

Abbreviat ion
I n
T l

H g
S e
S b
Ga

Ang
Cer

M n ( M )
F e ( M )

( M ) P h o s
F e ( M ) S u l

(M)O
W u l f
S l a g
( M )

( M ) S i
S o l d
Pnt

( M ) ( 0 r g )
(M)Bar
PbAsO
P b V a n
A s S b O

C p
S p h

A p y
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F i g u r e 11-1. A n a l y s i s Log she e t

A n a l y s t :
M a g n i f i c a t i o n M a r k e r '

L o g b o o k Page Reviewed By:
Date:

S t a n d a r d I D "
As

Pb

Cd

Zn

T l

S e

S b

H 9
I n
O

C

S

A n a l y t i c a l
Sequenc e #

As-1
Pb-1
Cd-1
Zn-1
TM

Se-1

Sb-1

H g - 1
ln-1
0-1
C-1

S-1

Datemme° K - r a t l o

1

1

1

1

1

1

1

1

1

1

1

1

Resul t* A c c e p t a n c e L i m i t s

0.95-1.05

0.95-1.05

0.95-1.05

0.95-1.05

0.95-1.05

0.95-1.05

0.95-1.05

0.95- 1.05

0.95-1.05

0.95-1.05

0.95-1.05

0.95-1.05

Comment s

S t a n d a r d I D '
A n a l y t i c a lS e q u e n c e # D a t e / T i m e ' S a m p l e I D Phase R e s u l t C o m m e n t s

1 - The m a g n i f i c a t i o n marker on the in s t rument must bo chocked once a week. If l e s s than one week has e l a p s e d since Ihe l a s t lime the m a g n i f i c a t i o n marker was c a l i b r a t e d , enter "N/A".b- Initial calibration v e r i f i c a t i o n must be p e r f o r m e d once every 46 hours.
* - Enter time In 24-hour f o r m a l .
" - The ca l ibrat ion s t a n d a r d s musl be within 5% ol Ihe concentration f a c t o r to be acceptable .

S t a n d a r d s L o g s h e e t . x l s M a s t e r L o g b o o k P a g a _



S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

F i g u r e 11 -2

- G r a i n S i z e ( m i c r o n s )
1 , 1 f Z / : l I 3

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures
I S S I C o n s u l t i n g G r o u p , I n c .
Contract N o . S B A H Q - 9 8 - D - 0 0 2

S O P N o . I S S I - V B 1 7 0 - 0 9
Revis ion N o . : 2

Date: 2/2000

\ \ I S S I D E N V E R \ R I S K \ V a s q u e z & I - 7 0 \ P r o j e c t P l a n s \ S O P s \ P i l o t - S c a l e S o i l C h a r a c t e r i z a t i o n \ M e t a l S p e c i a t i o n
SOP-Rev2.doc



F i g u r e 11-3

Photo M i c r o g r a p h L o g b o o k
S a m p l e N o . P a r t i c l e N o .

(20. 40, 60. etc.) Photograph I D EOS Spec tra ID Comments'

a - If discretionary or o p p o r t u n i s t i c p h o t o g r a p h s are c o l l e c t ed , I n d i c a t e this and the reason for col lec t ion.
L o g b o o k Page Reviewed B y : — — — — — — — — — — — — — — — Date:



S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

F i g u r e 11-4. E x a m p l e P h o t o m i c r o g r a p h

9 / 2 U

As 20 3

0 Q Q 4 1 5 . 0 K U X I 6 0 ' . - 1 0 & K 1 B
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

Attachment A
Example S p e c t r a
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« . ir S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

E x a m p l e S p e c t r u m : Lead Arsenic Oxide

OO

Pb

0.000 1,000 2.000 3.000 4.000 S-000 6.000 7.000 8.000 9.00010.000

E N E R G Y k e V v

E x a m p l e S p e c t r u m : Arsenic T r i o x i d e

809

/DO

600

500

8 **
300

200

100

.As

vv^iwi*"-"'1

o.oco i.ooo a.ooo 3.coo -s.ooo S.BOO a.ooc ".oco o.oco s . t oo
E N E R G Y keV
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

E x a m p l e S p e c t r u m : L e a d / A r s e n i c Meta l Oxide

Pb

en
oo

o.ooo i.ooo 2.000 a.ooo 4.000 5,000 e.ooo 7.000 a.ooo s.ooo to.ooo
E N E R G Y keV

E x a m p l e S p e c t r u m : Arseni c A n t i m o n y Oxide
•WO r , .As

0.000 1.000 2.«CO J.ODO i.BOO 5.000 6.000 7.00C a.000 9.0(0 10.000

ENERGY keV
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S T A N D A R D O P E R A T I N G PROCEDURE
M E T A L S S P E C I A T I O N

E x a m p l e S p e c t r u m : Arsenic C a l c i u m Oxide
700 |-

600

U

0.000 i.OOO 2.000 3.000 4.000 5,000 B.OOO 7.000 8.000 9.000 10.000

ENERGY keV

E x a m p l e S p e c t r u m : I n d i u m

S o f t

400

300

O 200U

100

In

.000 5.000 6.000 7.000 fl.OOO 9.000 10.000
E N E R G Y keV
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